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SUMMARY 




Test's of various Vype-s 'of 'riveted ^oin't"' eoinp5'se^^f 
S4S-T 'slieet arid, l/S-inch AlVS-T rivets have- Ta sen' made in 
orcfcer 'to 'determifie the- effects of ■specimeii ty^pe ■"'bn'- ■B'hefe.'r 
e-trehgtiis . The "r^-sult s indic'ated that- thfer^- "waV 'only* 
slight •varia-tibn. in 'shear B'trength 'with ffShVid'etahle' var- 
iaticSn ih th'e" t'ypes 'of specim'eii". Lap -jointe "gave" a -^lib'ar 
sttfength- about 2 percent' gteater fhari joints' with 'a single 
■fantt strap an«L' l.'b'out. 4 percent great'esT than dOuhle'-shear , 
d'd«hle-"butf-'sfrap Joints. "■ Joints' in which- 'a is'in'glie r'S-jet 
■^ea'ist's the sh'eairl'ng forc-es gave' about' '0 , 6' percent gi'fe'gLter 
shear strengths than joints w-ith two' err m'orfe rivet's. -The 
double-she'ar 'Joihts' g'ene'ral'ly resisted"" d'eforitt"iatltfn' b_6tt.'er 
th'ah- otlle't'^'typea of' joint.- ■ •• ■•■ '■ ■ .r . 

INTRODUOTIOS . .. . ' 

Several types of rivet shear specimen have been uti- 
lized in various investigations of the shear strengths of 
dri'ven rivets , but 'there is 'some ^qiTestion" as to .p'ossible 
differences in refsul'tg obtain'e'd from- -one ' type of specimen 
as compared td those "from 'another" type "of .specimen that 
involves ' identical materials'.^ An investigation: to"det'er- 
mine the' effect's" of 'specimS-h type -oh Sh-ear strengths opuld 
"also furnish data concerning the 'def ormati ofi's under load 
of the -various types'. of joint. Such information on types 
of joint which are "representative of practices in 'the air- 
craft iridustiiy woul-d be- of donlaiderabl e • value',' ••• 

■ The ob ject of this' fnveatigfition 'was to determine the 
effect of a number of different types of specimen on ■ the 
shear strengths of driven rivets and also on the deforma- 
tion charaoteriatiOB of the various joints. "•• ■ - 
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The speoimona for ■ thi S " investigation were made using 
l/8-iuch .diameter' AiVS-T rivets and 34S-T sheet. The 
sheet thickneas for alngle-eihear' Joints was 0.064- inch, 
and for the d'ou'bl'e -shear joints a oomTsinati on of 0.064- 
inch and 0,lJ88~lnch thicknesses was used. All rivet 
holes were drilled with a No,. 30 drill (0,1385 in.). All 
rivets were taken from the same batc-h and were cold 
driven with flat heads of approximately 3/l6-inoh diam- 
eter. The. driving pressure was ahout 2100 pounds. Ten. 
riveted panels were prepared for thfs investigation, 
Each panel consisted of four identical specimens of one 
of the ten types shown in figure 1. There were three 
panels of single-shear lap Joints, one each with one, two, 
and three rivets in line; three panels of single-shear, 
"slng'le-butt-strap Joints, one each with one, two, and 
three rivets i-n line on either 'end of the Joint; two pan-, 
els of singl e-shear , single-hutt-strap Joints, one each 
with two rows. of one or two rivets in line; and two pan- 
els of douhle-jshear , double-hutt-strap Joints, one, each . 
with one or two rivets in line. -The panels were numbered 
ooneecutively from 1 to 10. For all' specimen's the edge 
distances in the di-rection of stressing were twice the 
nominal diameter of the rivet, the pitch of rivet lines 
was four diameters, and the' gage for -the specimens with 
double rows of rivets was six diameters. 

TESTS 



'All specimens were tested in the "50 , 000-pound capac- 
ity Southwark-Tate-Emery universal testing machine, serial 
no. 50-TE-163, using the proper -load range for the par- 
ticular type of specimen tested.' The tests were performed 
7 to 10 days after , the rivets had' been driven. .Slip in 
the Joints vac measured on a 2-inch gage length with the 
u'se of a dial gage with points set at right angles to the 
direction of- travel of the stem. These measurements were 
made on both edges of e-aoh specimen for load increments— 
of '36 p£>undp per rivet for the sing'le-ghear specimens and 
50-pQuiid increments per rivet for the double-shear speci- 
mens. 



■; - ■ ■ ■ ' - * ri;?-^-^ n - - ■ , - . 

The maxim-um lo^ids ;f pr: e.ach - 8pec4.c»en ..a nd ^.t Jie, corre- 
sponding shear strengths ppr rivet ..arg.^lig.ted *iii,...ta'ble I. 
All specimens failed "by shearing the rivetli, ' ^he great- 
est shear strengths were ohtained from the lap ;}6int w£lE 
a single rivet (typ'e 1 ) ,• artho-iig&- it a ' maTfgln' "6~f "i t re ngth 
over the next strongest Joint (tyjie 3) ifas quite small* 
As a group, the lap joints gave ' ^r e-at"6i*""shear strengths 
than the joints with single-Tsutt straps and hoth gave 
greater strengths^ than .the douhle-8he_arj__^ dou 
strap joints* The difference in s'trength hetween €he 
strength of single-shear and dou'blJe.-aUi.e.est jftivhte 1& conr 
sistent with th^' results of previous it est/s The spread 
"between the average values was qui^.e small ,." t.h.e ^•^.s^^imum 
average value o"b-tained for any .apjfe-.oimeii- ,typ,e. ..Tj^^iijg '36 , 500 
pounds .J)er sguare inch, v and fhe miTii^imum;-.S.4 j, 925 "pounds per 
s quar e inch, *. The overr.all- av>?age; ;was-:.55-, .64Q.-ppunds per 
square inch, vhiqh is S2-"p:erc,eai1i :gte;atex-ithaja. -the ; 5)-resent 
design-'value , of "B? , 000 pounds per 'squar.e'-i^ph; -germi'tted 
hy AjrO-5, I " -^i-.::. sr.' v L —f-;..^ ^ 

At erage . load-slip; •ff.urve.B' t sr^;*;he -y.-^.i©ua..-ty;pes^ of ^ 
specimen atre, sh<i«n iurf igure-/.3^ - :i|o^r-6\P#j?a|:?k;t4Ye;,. ii.iirpb 
al 1_ the curve s a_r e pi ot te^ ? r om .t.he same origin in iflgure 
3.. Jrom.^ this cTomparison^^it ^is ..eV3rd6ht"^ha^^ grven 
16 ad "per rivVt" "types "9 'a'nd'lO (dpuble^iSear r.~2cu^jier,'bu? t 
strap Joints) were more resistant to deformation than any 
other type, and that type . 1 . Clap.. Joint , single rivet) was 
the stiff est of the singl^-sfi'^a'r'^oints". Similarly Joint 
in which a single rivet was sheared showed less deforma'- 
tion than..joints..in .whiQ.h jt,wo or rnqr? riyet^ . resisted the 
shearing £6rce8» :..,-'',^\r -..' I * ■- .. . ■ r- 

It will "be noted in ' figure ' Ef'tfiat / for' a "given load ' 
per rivet, the. lap. joint gwepe. all .more resistant to de- 
formatiQH than . the j pixi V S 'wi^h slngle^hutt 'straps » /^^^i?. 
condition exists, !>epausg. the lap , j5int s.. hal.^.only .6ne 
shear surfaQe on,.which ,g^ippage^ obuid.\QCCur i whereas ^he 
joints with single-tTit^t ./stjjaps " h§.d two ^pu which 
slippage could. pccTjr, tn..pth.5]; v/pr^s i., 9a6h;' si'ngle-hu 
strap Joint represents tiSro separate .lap.. J 6 ints . Simi- 
larly each double-rbutt-strkp joint "fi^ii ije' thought of as 
two separate joints, Following this line. of reasoning, 
figure 4 has Tjeen prepared ift which the deformations of 
the single- and douhle-rhutt-strap Joints have all "been 
divided hy 3; whereas the deformations of the lap joints 
are plotted without reduction. Furthermore tiie ordinates 
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are expr,e8sed in terms ..of shear stress rather than load 
in pounds per rivet to take ' lAt o' account -the extra shear 
plane in the douljl e-shear Joints. A comparison of this 
figure with figure 3 Indicates that this method of plot- 
ting has grouped the ■■cufv'e& mUch more closely together, 
an indication that some of " the ■s{>read in the curves in 
■fig-gir^ -3 can "b e : explained Tjy the -foregoing reasQning. 

"The follpying tabiilatioh gives ■ the' comparative rat- 
ings" of; the ya;ri pus " specimen- types on' the' •'ba-siB ■ pf hoth. . 
shear strength and" resistance to deformation-: ■ , 



Specimen 
type. 



De scrip feion 



Shear 
strength 
order 



Resistance tt 
deformation 
order 
(a) 



1 
2 
3 
4 
5 
6 
V 

8' 

- -9 
10." 



Lap "joint, eiiigle rivet 

Lap 'joint, two' rivets • 
Lap '^bint, thtSe rivets 
Single-'butt-strap joint 
S Ingl e-'but t- e t rap Joint 
'Single-'butt-strap' Joint 
Single-'butt-strap - Joint 

fo\ir H' vet's • ••• " ' 
Singt'e-b-att-a'trap ■J-bint 
" 'ei^ht rive'ts" 
Dbu'ble-hTitU-alirap jx>ia.t 
Db-d'bl&-;TSa'bt-Btrap ^Joint 



two rivets 
four rivets 
sixTiyets : 
'.two'arowgsj 

■ ■ - ' «• '," ' ^ 

tWO.r^WBr 

' . '. • ..' • 

•two - rivets . 
■■fouaf ffivete 



1 - 

a. 

3 ■ 

6 

8 

5 .. 



4 

...9. 

io 



3 

5 
, .4 

8 
10 

9 



.6 
1 
.2 



^rpom • f igurg!. 3.; jiging. fi' I6ad' ^er ri-iret "of abdui 3a0 pottnd) 



OON.QLTJSIONS 



The result s of test s on. various ' 'types ' of riveted 
Joint .cpmp.oaed. 'pf„,34S-q?' she'et and. l/'8- inch Al-VS-T- r4-vet &• i 
-lead to the. ,f.olli»wiiag" bon'"clusioh-8 J' - - 

.. . The. .average' she^r strength, tfiased on the area- bf ; 
the. hol.e , pf the l/S-in'c.h 'aIVS--! rivet s tested In thi-s - • 
inve stigat i Qn ■ was. .35.', 64.0.' pOuTads 'igrVT^: squ^ve-- 'InoTi , f^a value V 
tha> i.s -a-ib.o-^TjB. .the ave.rage. sire-a.r "str ex'pecft'ed for 

such, ri.vet-s, according t b ..rie^sU'lt ^ 'of"' previ ous and 
ia -32 percent; greater '.tharil'tV^^^ pounds 'peT square * 

in,ch design. VAlu.e. .perm i.t ted Vy .AjNC^^^^ ■•'*• ■-• 
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2. Tliere was only a small variation in shear strength 
in the individual tests regardles?? of 'considera^ble varia- 
tions in the types of specimen. !I'he loiiest individual 
value was 34,500 pounds per square inch oTatained on a 
douhle-Tjutt-strap joint with four rivets, and the highest 
individual value was 36.800 pounds per square inch ohtained 
on a lap joint with a single rivet. 

3. Lap joints gave an average shear strength ahout 

2 percent greater than joints with a single-hutt strap and 
ahout 4 percent greater than douT3le-shea,r , douhle-butt- 
strap joints. , 

4. Riveted joints in which only one rivet resisted 
the shearing forces gave about 0,5 percent greater shear 
strengths than joints in which two or more rivets resisted 
the shearing forces.' 

5. In general, the double-shear joints resisted de- 
formation better than other types of joint. 



Aluminum Research Laboratories, 
. Aluminum Company of America, 

New Kensington, Pa., May. 16, 1942. 
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TABLE I 



THE EFFECT 07 THE TYPE OF SFECIUEH OH THE SHEAR STREHSTHS .OF DRIVES RIVETS 



Type of riveted joint 


' sicetoh ■ 


Specimen 


Ifaxlsiusi Load 
(lb) 
(a) 


Shear strength 
(Ib/sq in.) 

. {to) 


Lap joint with single 
rivet ■■ • ■■ 


.— — -H '-^ 


1-1 
1-3 
1-3 
1-4 


473.5 
473.0 
479.0 
472.5 ■ 


36,400 
36,400 
36,800 
36,400 




Average 


474.B 


36,500 


Lap joint .iritb' S- 
rivets 'in J.lne 




i 


2-1 
2-8 
2-3 
2-4 


930.0 ■ 
•955.0 
940.0 
955,0 


35,400 
36,700 
36,200 
36 , 700 




Average 


843.5 - 


36,350 


Lap joint with 3 ' " 
rivets In line ' 


) jo o o / 


- 3-1 

3-3 
3-4 


1395.0 

JL4X9.0 
1430.0 

1 Ago Q 


35,800 

36,600 
3S BOO 




Average 


1417.5 


36,335 


Single-batt-stxap 
joint with 3 rivets ' 


oio ) 


4-1 

4-3 
4-4 


453.5 

AAA. f\ 

• ' 459.5 
458.0 


34,800 

35,400 
3S.SOO 

WW 1 www 




Average 


4S&'.0 


35,276 


Singler-hut t -st rap 
joint with 4 rivets 


) o eHo o > 


e-1 

5-2 
5-3 
5-4 


915.6 
920.0 
930.0 
905, 0 


35,200 
35.400 
35,400 
34,800 




Average 


915.0 


35,200 ■ 


Slngle-butt-etrap 
joint with 8 rivets 


1 1 1 1 1 1 

^ |ooe||Oeo| \ 


6-1 
6-3 
6-3 
6-4 


1385.0 
1380.0 
1395.0 
1395.0 


35,500 
35,400 
35,800 
35'. BOO 




Average 


1389,0 


35,625 


Slngle-batt-strap 
joint with 4 rivets 
in S rows 


=^ 

f oio 


\ 


. 7-1 
7-3 
7-3 
7-4 


915.0 . 
930.0 
915.0 
915.0 


35,200 
35,400 
35,300 
35,300 






Average 


916.0 


35,360 


Single-butt-sttap 
joint with 8 rivets 
in 2 rows 


. • 1 f !■ 1 ' ' 

> o o ! o 6 \ 
{ ■ o o S o o \ 


8-1 

o— o . 

8-3 
8-4 


1845.0 

1890.0 
1870.0 


35,500 

36,400 
36,000 




Average 


1871.0 


36,025 


Double-hut t>-Btrap 
with 8 rivets' 


■ 


9-1 
9-S 
9-3 
9-4 


910.0 
910.0 
900.0 
920.0 


°35,000 
°35,000 
°34,600 
° 35, 400 




Average 


910.0 


°35,000 


Double-but t-B trap 
joint with 4 rivets 


) o o^o o ( 


10-1 
10-2 
10-3 
10-4 


1815.0 
1845.0 
1815.0 
1790.0 


"34,900 
035,500 
034,900 
034,400 




Average 


1816.0 


"»34,9a5 , 



°'All speolmens failed by ah eairlpg the rivets . 

bshear area of one rivet «• (0.129* x Tt/4) = 0.0130 sq. in. 

''single shear values determined from double shear testa. 
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■pim. OS SLm^'SssjsB. test speciuehs 

3/8" RiTets , 
ALL Holes - So. 30 Drill (0.1285 in.) 

Figure I (a +0 J ) Specimen Type 1 
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Figure I (b) 



?ASSL OF SINGLE SHEAR TSST SPECIMENS 

1/8" Rivets , 
All Holes - No. 30 DriU (0.1285 in.) 

Specimen Type 2 
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Figs. Ic, d 
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Figure 1 (c) 
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PANEL OF SINGLE SBEAB TEST SFECIHEIiS 

1/8" Rivets , 
All Holes - No. 30 Drill (0.12B5 in.) 

Specimen Type 3 
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Figure I (d) 



PANEL OF SIHGLE SHEAR TEST a>ECIl£EWS 

1/8" rivets 
All Holes - No. 30 Drill {0.1285 in.) 

Speoimen Type 4 
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Scale Hriith 30 of an inch 
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Figure 1 (g) 
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PAKEL OP SINGLE ffiEAR TEST SPECIMENS 
All Holes -* - - 

Speoimsn Type 7 



i/8" ri7 

-Ho. 30 Drill (0.1285 in.) 
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Figure l^i) 
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PAMEL OF SINGLE ^ZAR TEST SPECIMENS 

All Holes ai^l^ill (0.1285 in.) 

Speoimen Type 8 
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PAN£L 0? mSBLS SHEAR XEST SPECIllMS 
— . 1/8" riTets , 

Figure All Holes - No. 30 DrUl (0.1285 in.) 

Speoimen 9 
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PANEL OP DOUBLE SUm IBS! SPSCIUEHS 

Figure All Holes -^l. SO^Drill (0.1285 in.) 

Speciaan Type 10 
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Fig. 2a,b,c,d,a,f 
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Elongation of 2-in. gageiline, in.. 



H .004 K 

Elongation of 2-in. £pge line, in. 
(a) Speoimsn type 1. (b) Specimen type 2. 

(d) Specimen type 4. (e) Specimen type 5. 
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(c) Specimen type 
(f) Specimen type 6. 



Figure 2 (a to j).- Load-slip ourrea for riveted jointt). Except as noted, all TJoints 
are pirorajcee of def ormationB of four specimens. 
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Fig. Zg.h.l.j 
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H .004 h .004 1^ 

Elongation of 2-in. gage line, in. 
(g) Specimen type 7. (h) Specimen type 8, (i) Specimen type 9. (j) Speoiir.en type 10. 

Fisure 2.- (Concluded). 
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.004 .008 .012 .016 .020 .024 .028 
ElongpLtion of 2-in. gage line, in. 



0 .004 .008 .012 .016 .020 
Elon^tion of 2- in. gage line, in. 



Figure 4.- Shear-stress-alip curves 
Figiare 3.- Load- slip curves for various types of riveted for various types of riveted 

joint. i joint. 
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